Hertzian impact theory is used to analyze impact-induced head disk interface (HDI) contact damage. Contact parameters including penetration (media damage), contact force, contact radius, impact duration, maximum and mean contact pressure are given at different normal impact velocities and slider corner radii in the form of contour plots. The results clearly suggest that the decrease of impact velocity or the increase of corner radius could both reduce the possibility of plastic deformation due to slider (head) disk impact contact.
INTRODUCTION
Due to the large variation of the pitch and roll angles of the slider during an impact event, usually one corner of the slider contacts the disk first whenever impact-induced contact between slider and disk occurs. The contact between slider corner and disk has also been experimentally observed in slider/disk contact during dynamic load/unload process [1] . The slider corners have a certain radius of curvature, which could be artificially increased to reduce the contact stress and damage [2] . The size and mass of the slider is much smaller than the disk, therefore the contact between the slider and the disk could be treated as a sphere impacting into a semi-infinite plane. In this study, we consider the case of a spherical corner with a radius varying from 1 µm to 10 µm, which is a typical range for a sharp corner to a rounded corner, respectively [2] .
Under nominally flying conditions, the hard disk drive may experience a shock event, referred to as operational shock or simply op-shock. Under such conditions, the slider experiences significant pitch and roll motions. Furthermore, the disk is rotating at a high speed (usually 5400 rpm or 7200 rpm) and the impact between the slider corner and the disk has a lateral velocity component in addition to the normal component, i.e., being an oblique impact. According to Johnson [3] , the normal motion during the oblique impact is mainly determined by the normal impact velocity, as the effect of the tangential tractions on the normal motion is small and may be neglected. In this work, we assume that there is no external force during contact, and also that contact damping is zero. Under these assumptions, the contact motion in the normal direction is described by
where m is the mass of the slider, δ is the penetration of the slider corner, V z is the impact velocity, and P(δ) is the effective contact force as a function of penetration. In this work, we will consider P(δ) based on classical Hertzian impact theory, which is for elastic, homogeneous, smooth contact.
HERTZIAN IMPACT THRORY
The classical theory of impact between frictionless elastic bodies is due to Hertz [3] and is considered to be a quasi-static analysis. Following directly from his theory of elastic contact, the relationship of P and δ is given by 
At any instant, Hertz's solution also gives the radius of the contact area, a, the maximum contact pressure P 0 and the mean contact pressure P m , as 
At the maximum penetration, δ max , dδ/dt=0, which leads to
The maximum contact force, radius of contact area, maximum and mean contact pressure could be obtained by substituting the value of maximum penetration from Eq. (8) into Eqs. (2), and (4-6).
The total time of impact, T could be found through numerical integration of Eq. (3), and is approximately equal to
Figure 1 plots the maximum penetration, contact force, contact radius, time of impact duration, maximum and mean contact pressure for a glass disk and varying spherical corner radius from 1 to 10 µm, and impact velocities from 0.01 to 0.1 m/s. The impact velocities chosen are representative values of impact velocities reported in the literature [4, 5] . Moreover, they are belived to include the range where mechancial and thermal critical points are reached. Intuitively, the smaller the values of the above contact parameters (as shown in the contour plots), the lower the possibility of disk damage during impact induced-contact. Shown in thefigures is an arrow pointing to the direction of decreasing values of these contact paramters.
Based on these simulations, not all the contact parameters have the same trend as far as impact velocity and corner radius are concerned. It is believed that the mean contact pressure is related to the media plastic deformation, and is perhaps the mostly important of the six contact parameters. Therefore, the above results clearly suggest that the decrease of impact velocity or the increase of corner radius could both reduce the possibility of plastic deformation due to slider/disk impact contact.
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